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The posterior portion of the pelvis plays a significant role in the weight bearing of the pelvic ring. The entire weight of the upper body is transferred to the hip joints and lower limbs through the lumbar five-sacral one (LV-SI) connection, the sacrum and the linea terminalis. Therefore, the priority is the surgical fixation of the posterior ring in type C pelvis injuries. Currently, many surgical fixation methods are available such as iliosacral screw fixation, [1, 2] plate synthesis on the ventral side of the sacroiliac (SI) joint, [3] transsacral plate synthesis, [4, 5] and local plate synthesis with the decompression of the sacral nerve roots on the dorsal cortex of the sacrum. [6] The choice of the operative method depends on the overall and hemodynamic status of the patient, associated injuries, condition of the soft tissue surrounding the pelvis, the configuration of the pelvic injury, as well as the preference of surgical team. The surgical fixation of a symphysiolysis larger than 2-3 cm is mandatory in anterior pelvic ring injuries. [7] It is, however, questionable whether the simultaneous operative synthesis of the pubic fracture is necessary during the surgical fixation of the posterior ring injury. Of 105 cases of pubic fractures associated with pelvis injuries, Matta [8] did not identify re-dislocation in the surgically fixed posterior ring injury in 88 cases. Later, Simonian et al. [9] performed stability tests in these cases and found that significantly less movement was detected in the SI joint in surgically treated pubic fractures. The plate synthesis of the pubic fracture offered greater stability than the retrograde pubic ramus screw. In our present study, we used finite element modeling to try to answer the question that if the posterior pelvic ring injury was surgically fixed, then how much does the fixation of pubic fracture increase the stability of the posterior synthesis.
MATERIAL AND METHODS

Anatomic model
In our previous studies, we used the simplified geometric pelvis models. In the first phase of our present study, we first created a more realistic model by three dimensional (3D) scanning a plastic pelvis model. [10] This was followed by modeling a Denis type I sacrum fracture and ipsilateral inferior and superior pubis rami fractures. The surgical fixation methods were as follows: the pubic bone fracture was left without fixation or fixed with either a retrograde pubic screw or a plate synthesis containing four screw holes. The fixation of the sacrum fracture was performed either with the most stable direct plate synthesis or the least stable transsacral plate, based on our previous studies.
Geometric model
In the more realistic geometric model, we modeled node-to-node contact in the hip joint and at the fracture site, whereas a bonded contact was modeled in all other intact joints (symphysis, sacroiliac joints, and intervertebral joints).
Material model
In this examination, similarly to the previous model, we also differentiated between the cortical and cancellous bone at the fracture and synthesis sites.
We used a homogenous bone mass in the indifferent zones, with proportion to volume of that area, since our present program is also incapable of modeling the separate cortical and cancellous matter of the entire pelvis. In our previous model, we estimated the cortical-cancellous bone ratio to be 10-90%. The present model was developed using the computed tomography (CT) imaging of an intact pelvis. Ten slices of cortical and cancellous bone ratios were calculated each in the sacrum and hip bones, and using these "slices", we calculated the "homogenous" bone characteristics in proportion to cortical and cancellous bone. [11] As in the previous examinations, the material properties were chosen according to data of Abé et al. [12] The validation of the model was performed on cadaver experiments, as mentioned in our previous publication, [13] that is, we modeled Denis type I sacrum fracture and symphysiolysis; the symphysiolysis was fixed with a four-hole plate and the sacrum fracture was fixed with either a transsacral plate or direct plate synthesis.
Load and boundary parameters
Case 1, 2-Inferior and superior pubic rami fractures and Denis type I sacrum fracture, weight bearing on both lower limbs: load on the promontorium, in the Z-axis, 500 N, both femurs fixed, the pelvic is posteriorly supported against displacement in the Y-axis; node-to-node contact in both hip joints and at the fracture site; bonded contact in other joints; No fixation in the pubic fractures, direct plate or transsacral plate synthesis of the sacrum. 
RESULTS
The main results were as follows
Case 1-Inferior and superior pubic rami fractures and Denis type I sacrum fracture; no fixation in the pubic fractures, direct plate synthesis of the sacrum. Maximum tension in the bones was 26.7 MPa, in the metals was 62.8 MPa; displacement in the fracture gap of the sacrum was 0.4 mm, displacement in the fracture gap of the pubic rami was 0.2 mm.
Case 2-Inferior and superior pubic rami fractures and Denis type I sacrum fracture; no fixation in the pubic fractures, transsacral plate synthesis of the sacrum. Maximum tension in the bones was 242.7 MPa, in the metals was 616.6 MPa; displacement in the fracture gap of the sacrum was 2.9 mm, displacement in the fracture gap of the pubic rami was 3.1 mm.
Case 3-Inferior and superior pubic rami fractures and Denis type I sacrum fracture; retrograde pubic screw fixation in the pubic fractures, direct plate synthesis of the sacrum. Maximum tension in the bones was 102.8 MPa, in the metals was 100.1 MPa; displacement in the fracture gap of the sacrum was 2.9 mm, displacement in the fracture gap of the pubic rami was 3.1 mm (Figure 2 ). Case 4-Inferior and superior pubic rami fractures and Denis type I sacrum fracture; retrograde pubic screw fixation in the pubic fractures, transsacral plate synthesis of the sacrum. Maximum tension in the bones was 32.8 MPa, in the metals was 103.6 MPa; displacement in the fracture gap of the sacrum was 1.06 mm, displacement in the fracture gap of the pubic rami was 0.1 mm.
Case 5-Inferior and superior pubic rami fractures and Denis type I sacrum fracture; four-hole plate synthesis of the pubic fractures, direct plate synthesis of the sacrum. Maximum tension in the bones was 104.3 MPa, in the metals was 461.5 MPa; displacement in the fracture gap of the sacrum was 0.01 mm, displacement in the fracture gap of the pubic rami was 0.04 mm (Figure 3) . Case 6-Inferior and superior pubic rami fractures and Denis type I sacrum fracture; four-hole plate synthesis of the pubic fractures, transsacral plate synthesis of the sacrum. Maximum tension in the bones was 36.1 MPa, in the metals was 123.5 MPa; displacement in the fracture gap of the sacrum was 1.3 mm, displacement in the fracture gap of the pubic rami was 0.02 mm (Figure 4 ). The measured results are summarized in Table 1 .
DISCUSSION
From a mechanical point of view, the stability of the posterior portion of the pelvic ring is outstanding. The weight of the upper body is transferred to the lower limbs through the sacrum and the linea terminalis into the hip joints. As a result, there are numerous studies concerning the operative fixation of the posterior pelvic ring injuries, and the stability values which were provided by the chosen operative procedures are known. [14] Of the anterior pelvic ring injuries, the indication for the surgical fixation of symphysiolysis is also obvious: in cases where the symphysiolysis is greater than 2-3 cm, operative stabilization is necessary [7] The necessity for the operative synthesis of pubic fractures is questionable.
There are several methods available including the stabilization of the anterior ring with external fixators as an indirect technique, or internal fixation methods such as retrograde pubic medullary screws and plate syntheses. Internal fixation may be appropriate in cases during the treatment of associated visceral injuries caused by the pubic bone fracture, or in women of fertile age, where there is a greater dislocation of the pubic fracture. Simonian et al. [9] performed biomechanical tests in this direction using cadaver experiments. He examined the movements in the SI joints and the ipsilateral pubic fractures, without any fixation to the SI lysis. In the first case, the pubic fracture was not fixed, then he examined plate synthesis and retrograde medullary pubic ramus screw fixation methods. For comparison, he examined the SI joint movements of intact pelves. He found that significantly less movement was detected in the injured SI joint, if the pubic fracture was operatively treated. The plate synthesis of the pubic fracture offered greater stability than the retrograde pubic ramus screw. [12] In our present study, we measured the stability of the internal osteosynthesis used for fixation of the pubic fracture. We used a more realistic geometric pelvic model than the one in our previous tests. We also modified the material properties of the pelvic bone stock using the data from CT scans. As opposed to the SI joint lysis in cadaver experiments by Simonian et al., [9] we modeled a sacrum fracture; this posterior ring injury was operatively stabilized on the model with either a direct plate synthesis, which provides the most stability or with the least stable transsacral plate. With our calculations, we determined that the surgical fixation of the pubic fracture not only reduced the movements in the fracture gap of the pubic fracture itself, but in all cases reduced the displacement values in the operatively stabilized sacrum fracture also. The plate synthesis of the pubic fracture offers greater stability in the anterior pelvic ring fracture and better protects the posterior osteosynthesis than the retrograde pubic ramus screws. However, as clinical practice and our previous measurements demonstrated that the stabilization of the posterior ring injury alone provides enough stability, the question arises that when is it worth it or necessary to perform operative fixation of the pubis fracture? In an analogy to the surgical treatment of a symphysiolysis which is performed as a final step in case of a laparotomy, it seems evident that the pubic fracture is to be treated with a plate synthesis when an intrapelvic procedure becomes necessary, such as in the case of the treatment of urinary bladder injury, or the removal of a previously inserted hemostatic pelvic tamponade. In case of no need for intrapelvic treatment, the retrograde pubic medullary ramus screws are then preferable for the 
